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Description 

[0001] The present invention relates to disk array ap- 
paratus and in particular, but not exclusively, to a hard- 
ware disk array controller providing improved perform- 
ance, and the execution of concurrent data movements 
and parity calculations. 

[0002] A Redundant Array of inexpensive Disks, re- 
ferred to as a RAID storage system, is a collection of 
disk drives which appears as a single large disk drive to 
a host computer system. Additionally, part of the disk 
storage capacity is utilized to store redundant informa- 
tion about user data stored on the remainder of the stor- 
age capacity. This redundant information allows the disk 
array to continue to function without the loss of data 
should an array disk drive memberfaii, and permits the 
regeneration of data to a replacement array disk drive 
member. 

[0003] Several RAID disk array design alternatives 
are presented in an article titled U A Case for Redundant 
Arrays of Inexpensive Disks (RAID)" by David A. Patter- 
son, Garth Gibson and Randy H. Katz; University of Cal- 
ifornia Report No. UCB/CSD B7/391 , December 19B7. 
The article discusses disk arrays and the improvements 
in performance, reliability, power consumption and scal- 
ability that disk arrays provide in comparison to single 
large magnetic disks. 

[0004] Five disk array arrangements are described in 
the article. The first level RAID comprises N disks for 
storing data and N additional "mirror" disks for storing 
copies of the information written to the data disks. RAID 
level 1 write functions require that data be written to two 
disks, the second "mirror" disk receiving redundant in- 
formation, i.e., the same information provided to thefirst 
disk. When data is read, it can be read from either disk. 
[0005] RAID level 3 systems comprise one or more 
groups of N+1 disks. Within each group, N disks are 
used to store data, and the additional disk is utilized to 
store redundant information, i.e., parity information. 
During RAID level 3 write functions, each block of data 
is divided into N portions for storage among the Is) data 
disks. The corresponding parity information is calculat- 
ed by determining the exclusive-OR product of the data 
written to the N data disks and written to a dedicated 
parity disk. When data is read, all N data disks must be 
accessed. The parity disk is used to reconstruct infor- 
mation in the event of a disk failure. 
[0006] A RAID level 2 system is similar to the RAID 
level 3 systems described above, but includes additional 
redundant disks for identifying disk drive failures, 
[0007] RAID level 4 systems are also comprised of 
one or more groups of N+1 disks wherein N disks are 
used to store data, and the additional disk is utilized to 
storeparity information. RAID level 4 systems differ from 
RAID level 3 systems in that data to be saved is divided 
into larger portions, consisting of one or many blocks of 
data, for storage among the disks. Write operations still 
require access to two disks, i.e., one of the N data disks 



and the parity disk. In a similar fashion, read operations 
typically need only access a single one of the N data 
disks, unless the data to be read exceeds the block 
length stored on each disk. As with RAID level 3 sys- 
s terns, the parity disk is used to reconstruct information 
in the event of a disk failure. 

[0008] RAID level 5 is similar to RAID level 4 except 
that parity information, in addition to the data, is distrib- 
uted across the N+1 disks in each group. Although each 

10 group contains N+1 disks, each disk includes some 
blocks for storing data and some blocks for sto ring parity 
information. The location at which parity information is 
stored is controlled by an algorithm implemented by the 
user. As in RAID level 4 systems, RAID level 5 write op- 

15 erations require access to at least two disks. However, 
no longer does every write operation to a group require 
access to the same dedicated parity disk, as in RAID 
level 4 systems. This feature provides the opportunity 
to perform concurrent write operations. 

20 [0009] As with RAID level 3, parity data in either a 
RAID level 4 or 5 system can be calculated by perform- 
ing a bit-wise exclusive-OR of corresponding portions 
of the data stored across the N data drives. However, 
because each parity bit is simply the exclusive-OR prod- 

25 uct of all the corresponding data bits from the data 
drives, new parity can be more easily determined from 
the old data and the old parity as well as the new data 
in accordance with the following equation: 



30 



new parity = (old data XOR new data) XOR old parity. 



[001 0] Although the parity calculation for RAID levels 
4 or 5 shown in the above equation is much simpler than 

35 performing a bit-wise exclusive-OR of corresponding 
portions of the data stored across all of the data drives, 
a typical RAID level 4 or 5 write operation will require a 
minimum of two disk read and two disk write operations. 
More than two disk read and write operations are re- 

40 quired for data write operations involving more than one 
data block. Each individual disk read operation involves 
a seek and rotation to the appropriate disk track and sec- 
tor to be read. The seek time for all disks is therefore 
the maximum of the seek times of each disk. A RAID 

45 level 4 or 5 system thus carries a significant write penalty 
when compared with a single disk storage device or with 
RAID level 1 , 2 or 3 systems. 

[0011] In order to coordinate the operation of the disk 
drives within an array to perform read and write func- 

so tions, to map received data onto the array disk, drive 
members, generate and check redundant information, 
and provide data restoration and reconstruction, com- 
plex storage management techniques are required. In 
many early disk array systems, the array management 

55 software necessary to perform these complex storage 
management techniques is executed within the host 
computer system. The host system thereby functions as 
the disk array controller and performs the generation 
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and checking of redundant information as well as coor- 
dinating the many other storage management opera- 
tions required of the disk array. Having the host perform 
these functions is expensive in host processing over- 
head. 

[0012] The present invention seeks to provide tor an 
improved disk array apparatus and also a related meth- 
od of operating such arrays. 

[0013] In accordance with the present invention there 
is provided disk array controller apparatus for operation 
with a host computer and a plurality of disk drive means, 
comprising afirsthigh speed local bus, an interface con- 
necting said first high speed local bus with said host 
computer, at least one interface connecting said plurality 
of disk drive means to said first high speed local bus and 
processor means connected to said first high speed lo- 
cal bus for controlling the operation of the components 
connected to said first high speed local bus, character- 
ized by parity assist logic means connected directly to 
said first high speed local bus, local data storage means 
connected to said first high speed local bus, and a sec- 
ond high speed local bus connecting said parity assist 
logic means to said local data storage means wherein 
said parity assist logic means is arranged to provide da- 
ta via said second high speed local bus to said local data 
storage means for the determination of parity data dur- 
ing disk array write operation. 

[0014] The present invention advantageously pro- 
vides a new and useful disk array controller hardware 
architecture that improves controller performance. 
[0015] Also, the present invention provides a disk ar- 
ray controller architecture which allows concurrent data 
movements and parity calculations, and the concurrent 
execution of time independent tasks. 
[0016] It is yet another advantage of the present in- 
vention that a disk array controller can be provided 
which includes unique parity assist logic and a dedicat- 
ed local memory for performing parity generation and 
data reconstruction operations. 

[0017] Further the present invention advantageously 
can provide a new and useful disk array controller ar- 
chitecture which permits the simultaneous operation of 
data block moves between storage I/O devices and a 
local memory; data block moves between a host system 
and the local memory; parity calculations; and normal 
array controller processor memory fetches. 
[0018] It is yet another advantage of the present in- 
vention that a disk array controller architecture which al- 
so permits queued operation of block moves and 
queued operation for parity tasks can be provided. 
[001 9] It should also be appreciated that the invention 
relates to the disk array control method embodied within 
the above apparatus. 

[0020] • Preferably there can be provided, in accord- 
ance with the present invention, a disk array system for 
• storing data received from, and providing stored data to, 
a host computer system. The disk array system includes 
a first high speed local bus; an interface circuit connect- 



ing the first high speed local bus with the host computer 
system; a plurality of disk drive members; at least one 
interface circuit connecting the plurality of disk drive 
members with the first high speed local bus; a parity as- 
5 sist logic circuit connected to the first high speed local 
bus; a local memory storage; a second high speed local 
bus connecting the parity assist logic with said local 
memory storage; and a processor connected to the first 
high speed local bus for controlling the operation of the 
10 components connected to said first high speed local 
bus The parity assist logic provides data via the second 
high speed local bus to the local memory required for 
the calculation of parity data during disk array write op- 
erations, and manipulates the data saved to the local 
15 memory to determine parity during disk array write op- 
erations. 

[0021] The invention can also provide a disk array 
control apparatusf or a disk array system including a plu- 
rality of disk drive members for storing data received 
20 from and providing stored data to, a host computer sys- 
tem "said disk array controller comprising a first high . 
speed local bus, an interface circuit connecting said first 
high speed local bus with said host computer system, 
at least one interface circuit connecting said plurality of 
25 disk drive members with said first high speed local bus, 
a parity assist logic circuit connected to said first high 
speed local bus, a local memory storage, a second high 
speed local bus connecting said parity assist logic with 
said local memory storage, wherein said parity assist 
30 logic provides data via said second high speed local bus 
to said local memory required for the calculation of parity 
data during disk array write operations, and manipulates 
the data saved to said local memory to determine parity 
during said disk array write operations, and a processor 
35 . connected to said first high speed local bus for control- 
ling the operation of the components connected to said 
first high speed local bus. 

[0022] In the described embodiment, the parity assist 
logic includes a parity assist engine, including exclu- 
40 sive-OR logic, for calculating parity; a dual ported mem- 
ory interface connecting said parity assist engine with 
said local memory via said second high speed local bus; 
and an interface circuit connecting said dual ported 
memory interface with said first high speed local bus. 
45 The first local bus is a high speed PCI buses. The sec- 
ond bus is a dual port memory interface. 
[0023] The array controller architecture is scalable 
and supports RAID modes 0, 3, 4 and 5. The architec- 
ture features a high bandwidth parity calculation engine 
so and a buffered PCI interface operating at the full speed 
of the high speed PCI local bus. It features multi 
processing so that multiple tasks may be queued for ex- 
ecution. Additionally, it provides a way to attach blocks 
of up to 12B MBytes of additional local RAM memory to 
55 the PCI bus. The additional local memory is dual ported 
so that PCI and parity operations may operate concur- 
rently. 

[0024] Thus, it should be appreciated that the mven- 
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tion can advantageously provide for a high performance 
scalable hardware architecture for a disk array storage 
subsystem which supports RAID modes 0, 3, 4 and 5. 
The architecture features a high bandwidth parity calcu- 
lation engine, a buffered PCI interface operating at the 
full speed of a PCI bus, and a dedicated local memory. 
The dedicated local memory is dual ported so that PCI 
and parity operations may operate concurrently. The ar- 
chitecture of the disk array controller allows parity cal- 
culations and memory block moves to occur without in- 
terfering with the controller processor or its associated 
memory, freeing the controller processor to manage ar- 
ray task control. The array controller configuration al- 
lows simultaneous operation of data block moves be- 
tween storage I/O devices and local memory; data block 
moves between host SCSI connections and local mem- 
ory; parity calculations; and normal CPU memory fetch- 
es, queued operations for block moves and queued op- 
erations for parity tasks. 

[0025] The invention is described further hereinafter 
by way of example only, with reference to the accompa- 
nying drawings in which: 

Fig. 1 is a simple block diagram of a prior art disk 
array system utilizing a high speed PCI bus; and 
Fig. 2 is a simple block diagram of a disk array sys- 
" tern utilizing a high speed PCI bus and a high per- 
formance parity function architecture in accordance 
with an embodiment of the present invention. 

[002B] Most disk array systems in use today are self- 
contained, including a dedicated controlled or executing 
the array management software, thus relieving the host 
system of these operations. A simple block diagram of 
a known disk array system is shown in Fig. 1 . The sys- 
tem includes'an intelligent array controller 100 for man- 
aging the transfer of data between a host computer sys- 
tem 12 and N disk drive units, five of which, identified 
as DRIVE A through DRIVE E, are shown in Fig. 1 . Cen- 
tral to the array controller is a high speed local bus 1 02, 
such as a Peripheral Component Interconnect (PCI). A 
host SCSI interface 104 and SCSI bus 14 provide con- 
nection between the host computer system 12 and PCI 
bus 1 02. Similarly, each of disk drives DRIVE A through 
DRIVE E are connected to PCI bus 1 02 through a SCSI 
drive interface, identified by reference numerals 112A 
through 11 2E, respectively, and corresponding SCSI 
buses 114A through 114E. Parity functions are per- 
formed by a parity logic circuit 108 and local memory 
110, both of which are also connected to the PCt bus 
102*. Communication between, and operation of, the 
controller components is controlled by a processor 106, 
in accordance with instructions residing in a processor 
memory 11 B. The construction and operation of the ar- 
ray controller shown in Fig. 1 , as well as the components 
included in the controller, will be readily understood by 
those skilled in the art. 

[0027] The RAID storage process requires many par- 



ity calculations and data movement operations to create 
the necessary data redundancy, or reconstruct data fol- 
lowing a disk failure. In the array controller architecture 
shown in Fig.' 1 and described above, much use of the 

5 PCI bus 1 02 is required to transfer new data, old data, 
reconstructed data, old parity information and new parity 
information between the host computer system 12. The 
array drives DRIVE A through DRIVE E, the local mem- 
ory 110 and the parity logic 10B to generate new parity 

10 information during an array write operation or to recon- 
struct data following an array failure. 
[0028] The disk array system shown in Fig. 2 includes 
many of the components shown in Fig. 1 and discussed 
earlier. For those components common to the controller 

15 architectures and array systems, the reference numer- 
als of Fig. 1 have been retained in Fig. 2. Common com- 
ponents of the systems shown in Figs. 1 and 2 include: 
high speed PCI bus 102, host SCSI interface 104, SCSI 
bus 14, SCSI drive interfaces 112A through 112E, SCSI 

20 buses 114A through 114E, disk drive members DRIVE 
Athrough DRIVE E, processor 1 06 and processor mem- 
ory 11B. 

[0029] However, the array controller architecture 
shown in Fig. 2 improves upon previously known array 

25 controller architectures by removing the parity logic and 
the local memory utilized for parity generation and the 
reconstruction of data from the PCI bus 1 02. The con- 
troller architecture shown in Fig. 2 provides an inde- 
pendent parity assist engine 132 and local memory 136 

30 interconnected through a dual ported memory interface 
134. A high speed PCI interface 130 provides for the 
transmission of data between PCI bus 102 and local 
memory 136. 

[0030] The PCI bus interface 130, parity calculation 
35 engine 1 32, and dual ported memory interface 1 34 are 
shown integrated together into a single RAID parity as- 
sist chip 12B. However, these three components oper- 
ate independently, in a coordinated manner, to provide 
high speed data storage and parity calculations while 
40 using a minimum of host CPU cycles. A high speed local 
bus 13B connects the RAID parity assist chip with the 
local memory 136. 

[0031] During a disk write operation, data blocks are 
received from the host SCSI channel 14 and stored in 
45 local memory 136. The parity assist engine 132 reads 
the data, calculates the parity information and writes It 
back to local memory 1 36. The final data blocks are then 
written to the appropriate disk drives from the local 
memory 136. 

so [0032] Disk read operations start with data moved 
from the disk drives to local memory 136. This data is 
then transferred to the host SCSI channel 1 4 unless the 
parity information is needed to reconstruct the data. 
[0033] Since this architecture is very memory inten- 

55 sive, local memory 1 36 is organized for high bandwidth 
operation with a 72 bit wide interface. It also supports 
interleaved cycles for maximum performance. The 
memory system is capable of operating at the full clock 
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speed of the RAID parity assist chip. Refresh control is 
also included so that economical dynamic RAM can be 
used for storage. A powered-down mode of operation is 
provided to protect the memory data if power fails. 
[0034] The PCI interface module 130 is capable of full 
speed PCI bus transfers. It is designed to respond to all 
bus modes from single byte to full bandwidth bursts. The 
PC! module contains a 1 28 byte (First-ln First-Out) FIFO 
register to store data accepted from the PCI bus. This 
allows the PCI transfer to continue even if local memory 
is temporarily unavailable. 

[0035] The parity assist engine 132 operates on data 
stored in the local memory 136. It calculates parity a 
burst at a time utilizing a 128 byte FIFO to store the in- 
termediate results. The intermediate results are not writ- 
ten back to local memory. For maximum performance 
the control logic for the parity assist engine maintains 
pointers to each needed data block. The parity engine 
operates at the full speed of the local memory bus to 
provide the fastest possible performance for the mem- 
ory bandwidth. 

[003G] The parity assist engine contains 4 separate 
sections that allow additional tasks to be queued up 
while one task executes. Each task maintains its own 
control and status register so that task scheduling does 
not interfere with the currently executing task. Several 
conf iguration options are provided to tailor the panty en- 
gine to the array organization. The engine can be con- 
figured as a single engine which works on wide arrays 
up to 22+1 drives wide, or as a four engine machine 
which operates with arrays as wide as 4+1 drives. An 
intermediate mode provides a two engine machine with 
up to 10+1 drives. . 
[0037] The parity engine includes exclusive-OR logic 
providing RAID 5 and RAID 3 parity generation/check- 
ing as well as move and zero check modes. 
[003B] One of the most important parts of the archi- 
tecture is the time independent operation it provides. 
Blocks of data are not required to be accessed simulta- 
neously for parity calculations. Disk operations which 
span several drives may be scheduled and executed as 

• soon as possible by each device. Unrelated disk oper- 
ations may continue even though all drive operations for 

. a single task are not yet complete. This independence 
improves the performance of the slowest part of the sys- 
tem the disk drive. It also simplifies the software task 
of managing concurrent hardware resource require- 
ments. 

[0039] The invention features time independent data 
block moves; time independent parity calculations; 
queued RAID operations (Up to 3 queued tasks); full 
speed PC! transfer operations (4 bytes/clock cycle); and 
full speed parity calculations (4 bytes/clock cycle). Fur- 
thermore, the architecture is scalable via the addition of 
additional RAID Parity Assist chips and local memory 

storage. ... 
[0040] It can thus be seen that there has been provid- 
ed by the present invention a disk array controller archi- 



tecture having an independent memory structure for 
buffering data, and an independent parity calculation 
engine permitting parallel operation of array tasks. It al- 
lows parity calculations and memory block moves to oc- 
5 cur without interfering with the CPU or its memory, tree- 
ing the CPU to manage array task control. The disclosed 
array controller configuration allows simultaneous oper- 
ation of data block moves between storage I/O devices 
and local memory; data block moves between host SC- 
10 SI connections and local memory; parity calculations; 
and normal CPU memory fetches, queued operations 
for block moves and queued operations for parity tasks. 
[0041] It will therefore be appreciated that the inven- 
tion can provide tor a disk array system including a first 
15 high speed local bus; an interface circuit connecting said 
first high speed local bus with said host computer sys- 
tem- a plurality of disk drive members; at least one in- 
terface circuit connecting said plurality of disk drive 
members with saidfirst high speed local bus; and a proc- 
20 essor connected to said first high speed local bus for 
controlling the operation of the components connected 
to said first high speed local bus; having the improve- 
ment comprising a parity assist logic circuit connected 
to said first high speed local bus; a local memory stor- 
25 age; and a second high speed local bus connecting said 
parity assist logic with said local memory storage; 
wherein said parity assist logic provides data via said 
second high speed local bus to said local memory re- 
quired forthe calculation of parity data during disk array 
30 write operations, and manipulates the data saved to said 
local memory to determine parity during said array write 
operations. 

[0042] The invention is not restricted to the details ot 
the foregoing embodiment and it should be understood 
35 that various changes may be made within the scope of 
the appended claims. 



Claims 



40 



1 Disk array controller apparatus for operation with a 
host computer (12) and a plurality of disk drive 
means (114A-114E), comprising a first high speed 
local bus (102), an interface (104) connecting said 
45 first high speed local bus (1 02) with said host com- 
puter (12), at least one interface (112A-112E) con- 
necting said plurality of disk drive means (114A- 
114E) to said first high speed local bus (102) and 
processor means (106) connected to saidfirst high 
so speed local bus (102) for controlling the operation 
of the components connected to said first high 
speed local bus (102), characterized by parity as- 
sist logic means (132) connected directly to said 
first high speed local bus (102), local data storage 
55 means (1 36) connectedto saidfirsthigh speed local 
bus (102), and a second high speed local bus (13B) 
connecting said parity assist logic means (132) to 
said local data storage means (136), wherein said 
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parity assist logic means (132) is arranged to pro- 
vide data via said second high speed local bus (1 3B) 
to said local data storage means (136) for the de- 
termination of parity data during disk array write op- 
eration. 

2. Apparatus as claimed in Claim 1 , wherein said par- 
ity assist logic means (132) comprises a parity as- 
sist engine (1 32), a dual ported memory interface 
(134) connecting said parity assist engine (132) 
with said local data storage means (136) via said 
second high speed local bus (1 3B), and an interlace 
circuit (130) for connecting said dual ported mem- 
ory interface (134) with said first high speed local 
bus (102). 

3. Apparatus as claimed in Claim 2, wherein said par- 
ity assist engine (132) comprises an exclusive-OR 
circuit. 



Revendi cations 

1 . Appareil controleur de grappe de disques destine a 
f onctionner avec un ordinateur hote (1 2) et une plu- 
ralite de moyens d' entrain erne nt de disques (11 4A- 
11 4E), comprenant un premier bus local a haute Vi- 
tesse (102), une interface (104), connectant ledlt 
premier bus local a haute vitesse (102) audit ordi- 
nateur hote (12), au moins une interface (112A- 
11 2E) connectant ladite pluralite de moyens d'en- 
trainement de disques (114A-114E) audit premier 
bus local a haute vitesse (1 02) et un moyen proces- 
seur (106) connecte audit premier bus a haute Vi- 
tesse, pour controler le fonctionnement des compo- 
sants'connectes audit premier bus local a haute vi- 
tesse (102), characterise par un moyen logique 
d'aide de parite (132) connecte directement audit 
premier bus local a haute vitesse ^ 02), un moyen 
de stockage de donnees local (136) connecte audit 
premier bus local a haute vitesse (102), et un 
deuxieme bus local a haute vitesse (13B) connec- 
tant ledit moyen logique d'aide de parite (132) audit 
moyen de stockage de donnees local (1 36), ou ledit 
moyen logique d'aide de parite (132) est arrange 
pour fournir des donnees par I'intermediaire dudit 
deuxieme bus local a haute vitesse (138), audit 
moyen de stockage de donnees local (136), pour 
determiner des donnees de parite pendant une 
operation d'ecriture de grappe de disques. 

2. Appareil tel que revendique dans la revendication 
1, dans lequei ledit moyen logique d'aide de parite 
(132) comprend un moteur d'aide de parite (132), 
une interface de memoire a double acces (134) 
connectant ledit moteur d'aide de parite (1 32) audit 
moyen de stockage de donnees local (136), par le- 
dit deuxieme bus local a haute vitesse (138), et un 



circuit d'interface (130) pour connecter ladite inter- 
face de memoire a double acces (134) audit pre- 
mier bus local a haute vitesse (102). 

3. Appareil tel que revendique dans la revendication 
2, dans lequei ledit moteur d'aide de parite (132) 
comprend un circuit OU exclusif. 



10 Patentanspriiche 

1. Plattenarray-Controller fur den Betrieb mit einem 
Hostcomputer (1 2) und einer Mehrzahl von Platten- 
laufwerken (114A-114E), umfassend einen ersten 
15 schnellen lokalen Bus (102), eine Schnittstelle 
(104), die den genannten ersten schnellen lokalen 
Bus (102) mit dem genannten Hostcomputer (12) 
verbindet, wenigstens eine Schnittstelle (112A- 
112E), die die genannte Mehrzahl von Plattenlauf- 
20 werken (114A-114E) mit dem genannten ersten 
schnellen lokalen Bus (102) verbindet, und einen 
Prozessor (106), der mit dem genannten ersten 
schnellen lokalen Bus (102) verbunden ist, urn den 
Betrieb der mit dem genannten ersten schnellen lo- 
25 . kalen Bus (102) verbundenen Komponenten zu 
steuern, gekennzeichnet durch Paritatsassist-Lo- 
gik (132), die direkt mit dem genannten ersten 
schnellen lokalen Bus (102) verbunden ist, ein lo- 
kales Datenspeichermittel (136), das mit dem ge- 
30 nannten ersten schnellen lokalen Bus (1 02) verbun- 
den ist, und einen zweiten schnellen lokalen Bus 
(138), der die genannte Paritatsassist-Logik (132) 
mit dem genannten lokalen Datenspeichermittel 
(136) verbindet, wobei die genannte Paritatsassist- 
35 Logik (132) die Aufgabe hat, Daten uber den ge- 
nannten zweiten schnellen lokalen Bus (138) zu 
dem genannten lokalen Datenspeichermittel (136) 
zu ubertragen, urn Paritatsdaten wahrend des Plat- 
tenarray-Schreibvorgangs zu bestimmen. 

40 

2 Vorrichtung nach Anspruch 1 , bei der die genannte 
Paritatsassist-Logik (132) eine Paritatsassist-Ma- 
schine (132), eine Dualport-Speicherschnittstelle 
(134), die die genannte Paritatsassist-Maschine 
45 (132)' mit dem genannten lokalen Datenspeicher- 
mittel (136) uber den genannten zweiten schnellen 
lokalen Bus (138) verbindet, und eine Schnittstel-' 
lenschaltung (130) zum Verbinden der genannten 
Dualport-Speicherschnittstelle (134) mit dem ge- 
50 nannten ersten schnellen lokalen Bus (102) um- 
fasst. 

3 Vorrichtung nach Anspruch 1 , bei der die genannte 
Paritatsassist-Logik (132) eine Exklusiv-ODER- 
55 Schaltung umfasst. 
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